In recent years numerous factors have been studied that might influence the characteristics of spinal blockade with hyperbaric bupivacaine. The effects of ageing on spinal analgesia have been investigated only with plain bupivacaine. Cameron and co-workers [1] reported a significant correlation between the extent of sensory block and age, after intrathecal injection of 0.5% bupivacaine 4 ml without glucose. In the study of Pitkanen and others [2] there was a difference between younger (< 50 yr) and older (> 80 yr) patients after spinal anaesthesia with plain 0.5 % bupivacaine 3 ml. A significant difference has been reported previously on maximum spread of analgesia between 29 younger (< 50 yr) and 37 older (> 80 yr) patients after subarachnoid injection of 0.5% plain bupivacaine 15 mg [3] .
SUMMARY

Preparation of hyperbaric bupivacaine solution
The plain 0.5 % bupivacaine solution has a density of 0.9934 g ml* 1 at 37 °C, and is relatively isobaric compared with cerebrospinal fluid [4] . Three millilitre of this solution was mixed with 1 ml of 10% dextrose solution to produce a hyperbaric 0.375 % solution of bupivacaine in 2.5% dextrose (density: 1.015 g ml" 1 at 20 °C). All patients received 4 ml of this hyperbaric solution (i.e. bupivacaine 15 mg) which was prepared in a syringe immediately before injection. 
Anaesthetic procedure
Flunitrazepam 1-2 mg was given by mouth as premedication 90 min before surgery. Immediately before induction of anaesthesia, an 18-gauge cannula was inserted to an arm vein, and 300 ml of lactated Ringer's solution was infused. The infusion was repeated after injection of the spinal anaesthetic. The patients were placed in a lateral decubitus position, men in the slight head-down position and women slightly head-up, to ensure that the spine was horizontal, on an operating table that was horizontal. Under aseptic conditions, lumbar puncture was performed with a 22-or 25-gauge spinal needle at the L3-4 intervertebral space using either a midline or a paramedian approach. Before injection, a free flow of clear cerebrospinal fluid was ascertained during turning of the needle 90-180° and during aspiration of 0.2 ml. All injections were made at a rate of approximately 1 ml in 4-5 s and all solutions were at room temperature when injected. Immediately after injection, the patient was placed in a supine horizontal position for the duration of surgery.
Arterial pressure and heart rate (sphygmomanometer Dinamap Critikon) were measured at 2.5-min intervals throughout anaesthesia and surgery, and at intervals of 15 min during recovery. ECG was monitored continuously (CM5 configuration) during induction of anaesthesia and during surgery. If systolic arterial pressure (SAP) decreased more than 20 % below resting values, fluid administration was increased. If that was not sufficient (SAP < 20% but > 30% during 10 min or more), or if hypotension occurred (SAP < 30%) [5] , ephedrine 15-30 mg was given i.v. (Resting arterial pressure was determined during the anaesthetist's preoperative visit on the day before surgery [6] .) When the clinical condition permitted, and with the return of active lower limb movements, the patients were returned to the surgical ward, where they were kept supine for 12 h.
Test procedures
The time of completion of injection of the local anaesthetic solution was used as the base for measurement of all time intervals. The dermatome levels of sensory analgesia were evaluated bilaterally at the mid-clavicular line by pinching with a Pean forceps at 2-min intervals for 30 min. Sensory analgesia was considered complete when the patient did not respond to this forceps closed to its first rachet [7] . When levels of analgesia were not equal bilaterally, the higher was used for statistical purposes. If, during surgery, pain required supplementation with i.v. or inhalation anaesthesia, analgesia was considered unsatisfactory. Patients with unsatisfactory analgesia were not included in the analysis. Motor blockade was assessed at the same time as sensory levels and tested using criteria described by Bromage [8] : 0 = no impairment of movement of legs and feet; 1 = hardly able to flex knees, no impairment of movement of feet; 2 = unable to flex knees, hardly able to move feet; 3 = unable to move feet or knees. Thereafter, analgesia and motor block were assessed every 30 min until analgesia had regressed to the point at which the cutaneous response to clamping in the operative site was identical with that on the forearm, or for a maximum of 5 h after injection. The mean time to recovery from analgesia in the two uppermost segments and the recovery of the L2 segment were noted. Test procedures were performed by two specially trained nurses who were unaware of the nature of the study.
Statistics
All data are presented as means ± standard deviation, together with ranges. Statistical analysis was performed using Wilcoxon rank sum test for ordinal data, Student's two-tailed t test for quantitative data and the Chi-squared test for qualitative data. Pearson product-moment correlation coefficients were calculated to show the interrelationships between height of patients, degree of decrease in SAP, and the maximum level of analgesia. A value of P < 0.05 was considered statistically significant. There were more females and fewer males in group II than in group I. Younger patients were heavier and taller than elderly patients (table I) . In one patient in group I, general anaesthesia was necessary because of inadequate analgesia, despite apparently successful lumbar puncture. This patient was excluded from analysis.
Mean time from injection to the highest level of sensory analgesia was shorter in group II (8.5 min) than in group I (10.8 min) ( fig. 1) . The mean fig. 2 ) was significantly higher in older (T8) than in younger patients (T9). There was no significant correlation between height of patients and maximum level of analgesia in both groups ( fig. 3 ). The mean time to regression of the level of sensory analgesia by the two uppermost segments did not differ significantly (table II) . At the L2 level ( fig. 4) , a significantly longer duration of action was recorded in group II than in group I (153 min v. 138 min). All patients had complete motor paralysis. Mean onset time to complete motor blockade was significantly shorter in group II than in group I (5.7 min v. 7.8 min). Duration of all degrees of motor blockade was not significantly different between age groups (table III) .
Mean resting SAP was significantly greater, in group II than in group I (table IV). The mean decrease in SAP was 21.6 % in patients older than 80 yr and 14.1 % in patients younger than 50 yr. The decrease was significant also for mean arterial pressure (MAP) and diastolic arterial pressure (DAP). A linear correlation was found between resting SAP and decrease in SAP in both groups ( fig. 5 ). Decrease in SAP correlated significantly with the maximum level of analgesia only in patients younger than 50 yr ( fig. 6) . A decrease in SAP of between 20 and 30 % persisted for more than 10 min in one (3 %) patient in group I, and 11 patients (23%) in group II (table V) . A decrease in SAP exceeding 30 % was observed in 11 other patients in group II and two patients in group I. The mean volume of lactated Ringer's solution administered during the first 30 min was significantly greater in group II than in group I (table VI). Despite this, 22 (46 %) patients in the older group, and three (8%) patients in the younger group were given ephedrine.
DISCUSSION
The younger group in this study comprised more men than women; this reflects personal preference by the patients. The elderly group comprised more females than males as natural mortality is more frequent at this age in men. As care was taken to perform spinal puncture in a strictly horizontal position, the influence of sex seems to have had no direct effect on the distribution of local anaesthetic solution in the cerebrospinal fluid [4] .
Hyperbaric bupivacaine was chosen because, in lower trunk surgery (as in repair of inguinal hernia, hysterectomy or prostatectomy), good abdominal muscle relaxation and moderate cephalad level of analgesia are desirable. Previous studies [9] [10] [11] had suggested 15 mg as a suitable Dermatome  T12  TIP  T8  T6   T4   Age>80yr  T12  T10  T8  T6  T4 • dose of bupivacaine to obtain a maximum level of analgesia of T7-T10. The solution of bupivacaine used in the present study (0.375 % bupivacaine in 2.5 % dextrose) was not the standard hyperbaric solution (0.5% bupivacaine solution in 8% dextrose). Hyperbaric solutions are not commercially available in France, so 10% dextrose solution is added to plain bupivacaine solution immediately before use. The concentration of dextrose has little effect on the distribution of local anaesthetic solutions within the subarachnoid space when baricity of the solution exceeds 1.0015 [4] . It is possible, however, that a standard solution may behave differently. Another criticism of the present study might be that all patients received the same dose of bupivacaine (15 mg in 4 ml). However, there was no correlation between height and maximum level of analgesia. No controlled studies have been reported of the effects of the patient's height on the distribution of hyperbaric spinal anaesthetic solution [4] .
100-
Age <50yr
We observed that sensory analgesia developed more rapidly in the older age group. In this group, the maximum level of analgesia was also higher by a mean of one dermatome. These results are in agreement with studies on the effects of age on spinal anaesthesia with isobaric bupivacaine [1, 3] , The relatively similar effects of age on isobaric and hyperbaric spinal anaesthetic solutions are questionable. As age is associated with progressive decrease in cerebrospinal fluid volume, Greene [4] speculated that this might be a determinant in the increasing level of spinal analgesia in elderly subjects. However, as observed by Pitkanen and others [2] with plain bupivacaine solution, a large individual variation has been noted in the spread of analgesia with age. Thus the clinical significance of a difference of only one dermatome in mean maximum level of analgesia is limited. The present study strengthens the view that age plays only a minor role as a predictor of the segmental spread of spinal analgesia.
A difference of only 15 min was observed between the two groups in the recovery of the L2 segment. This small difference was not encountered elsewhere with spinal anaesthesia with plain bupivacaine [2, 3] . The data of Axelsson and co-workers [12] do not support the general hypothesis that an increased duration of anaesthesia with age results from a decrease in systemic absorption of local anaesthetic.
In the present study, the time to attain complete motor block was shorter in the older group. As noted by Pitkanen and others [2] , substantial demyelinization in elderly patients may explain the rapidity of total blockade of myelinated Afibres.
It has long been the clinical impression that systemic hypotension is dependent on the number of dermatomes blocked, but this is only partially true [5] . In young patients, we observed a linear correlation between decrease in SAP and height of blockade, but this was not the case in elderly patients. This suggests that the severity of hypotension varies with the cardiovascular status of the patient. Pitkanen and colleagues [2] found that arterial hypotension was more common in older patients.
Over the age of 65 years, 40-50% of the population suffer from essential hypertension [13] . We observed that, during spinal anaesthesia, the AP changes were related to the resting AP both in older and younger groups. Structural changes in arterioles of hypertensive patients explain why a similar degree of sympathetic blockade induces greater decreases iri AP in the hypertensive than in the normotensive patient [14] . This, may explain our observation of a relationship between resting AP and reduction during spinal anaesthesia, and thus the frequency of hypotension after spinal blockade may not be related solely to age.
In conclusion, the effects of age on spinal analgesia with 0.375 % bupivacaine 4 ml in 2.5 % dextrose were found to be small. There was a tendency towards increasing height of block, but because of great individual variation, the clinical significance of this finding is limited. In older patients, hypotension was more common, but might not be related solely to age.
